Resumen: Cuando las estrategias de conservación requieren de información nueva basada en datos de campo, los practicantes deben encontrar las mejores formas para entregar rápidamente datos de alta calidad a partir de censos. Para atacar este reto, se han desarrollado estrategias de evaluación desde principios de la década de 1990. Estas estrategias comúnmente incluyen grandesáreas, requieren de muchos meses para completarse, y no son apropiadas cuando los datos de censos relevantes para la conservación se requieren urgentemente para una localidad específica. En contraste, los bioblitzes están diseñados para la recolección rápida de datos de censos específicos para un sitio. Aunque los bioblitzes se usan comúnmente para lograr metas educativas o de participación pública, quienes practican la conservación están usando cada vez más una estrategia de bioblitz modificada para generar datos relevantes para la conservación a la vez que mejoran simultáneamente la capacidad de investigación y construyen sociedades de trabajo enfocadas en asuntos de conservación. Nombramos a estos eventos modificados como bioblitzes de expertos. Varios bioblitzes de expertos se han llevado a cabo en tierras de importancia para la conservación en el sur de California y han involucrado los esfuerzos colaborativos de agencias del gobierno, organizaciones sin fines de lucro, jardines botánicos, museos y universidades. Los resultados de los bioblitzes de expertos informaron directamente a la conservación en sitio y a la toma de decisiones; incrementaron la capacidad de un despliegue rápido de bioblitzes de expertos en el futuro; y fomentaron la colaboración y la comunicación entre expertos diversos institucional y taxonómicamente. Conforme el financiamiento para la investigación y la conservación se vuelve cada vez más escaso, los bioblitzes de expertos pueden tener un papel cada vez mayor dentro de la

Introduction
Conservation practitioners have long faced the challenge of making decisions with limited information. Uncertainty and information gaps are pervasive in ecological data (Regan et al. 2002) and severe gaps may lead to inaction or undesirable outcomes (Regan et al. 2005) . Many conservation decisions hinge on information about the presumed or modeled distribution and abundance of target species. Unfortunately, fundamental occurrence data are often unavailable or out of date. Thus, the first steps in systematic conservation planning (Margules & Pressey 2000) commonly involve identifying data gaps and collecting field data to fill them, thereby providing accurate and timely information on the localities of species within a planning area. This information is needed to make and implement better conservation and land-use decisions. Various biodiversity assessment methods have been developed to gather occurrence data and inventory species, natural communities, and ecosystems (Table 1) . These efforts include cataloguing the presence of priority plant communities and completing landscape-scale inventories (Noss 1987) , establishing natural-heritage programs dedicated to cataloging biodiversity of a given state or region (Groves et al. 1995) , and completing comprehensive bioassessments to gauge ecosystem functioning (Bailey et al. 2014) . Although these efforts contribute greatly to generating a more complete understanding of the natural world, and therefore allow for more informed conservation decision making, several challenges exist. Professionally conducted, systematic field surveys may be one of the best solutions for filling knowledge gaps, but they can be slow and costly (Margules & Pressey 2000) . Natural-heritage programs have faced criticism for being expensive, difficult to maintain, and patchy in coverage (Bittman 2001) . They also require continued updates because natural and technological systems change. Securing adequate funding and targeting limited resources available at the expert level to provide information on the places and topics of conservation concern are continuing challenges (Braunisch et al. 2012) . Further, many existing assessment methods (e.g., rapid ecological assessments, the Rapid Assessment Program, and ecoregional assessments) focus on large areas (e.g., landscapes, regions, or ecoregions) for which little existing biodiversity information has been synthesized and typically take many months to complete (Table 1) . These methods are therefore not appropriate for conservation opportunities at smaller geographic scales or for assessments where knowledge of existing biodiversity is relatively high for the broader region-as is often the case in developed nations-but knowledge about the concentration of conservation-relevant taxa and resources is needed for a specific locale within a broader region.
The challenge of how to best conduct new, expertbased field surveys to address data gaps and provide guidance to conservation practitioners is well illustrated in cases where land acquisition is being considered as a primary conservation strategy. A conservation organization or land trust will often develop acquisition plans to identify for purchase the properties most valuable for conservation (e.g., Parker et al. 2014) . However, barriers to private-property access may impede fieldwork during the planning phase (Hilty & Merenlender 2003) . Limited Table 4 ).
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time and funding designated for field reconnaissance during acquisition often requires that field assessments be rapid, potentially narrow in focus, and carried out during less-than-ideal seasons for finding and identifying taxa of interest; that a limited number of surveyors be involved; and that these individuals be well-organized and able to conduct their work with minimal guidance and supervision. Similar challenges arise for federal, state, and local landmanagement agencies seeking to better manage natural resources. Permission for access may be easier to obtain on public lands, but many are remote and distant from researchers with the appropriate expertise. Under circumstances such as these, where management decisions require new, field-based information, conservation practitioners must find a way to optimize rapid delivery of low-cost and high-quality survey data.
BioBlitz Rapid Field Surveys
To address the challenges outlined above, conservation practitioners are increasingly turning to a new type of rapid field-based assessment: the bioblitz. The term was coined by the U.S. National Park Service (NPS) to describe a 1996 survey effort conducted in Kenilworth Park and Aquatic Gardens in Washington, D.C., and in the intervening years has been broadly adopted by educators, scientists, and conservation practitioners (Laforest et al. 2013 ). Typically, a bioblitz involves a rapid field survey effort in which volunteers document as many species as possible in a defined location during a defined period.
According to Droege (2004) , one of the founders of the modern-day bioblitz concept, "the name and concept of the BioBlitz is not registered, not copyrighted, not trademarked, and not a government thing. It's an idea that can be used, adapted, and modified by any group, who should freely use the name BioBlitz for their own purposes." This statement may stem partially from an understanding that bioblitz-type surveys are not new; volunteer-based collection of information on natural history dates back centuries (Miller-Rushing et al. 2012) . In recent years, the engagement of volunteers in gathering scientific information (often referred to as citizen science) has gained increasing attention (Bonney et al. 2014) . Individual citizen science projects may contribute to collective knowledge about the natural world, but direct applicability of these projects to on-the-ground conservation and decision making varies (Conrad & Hilchey 2011; Ballard et al. 2017) . In a review of natural history museum-led citizen science efforts, Ballard et al. (2017) found that bioblitzes contribute to site and species management more than any other type of citizen science program and that partnering with land managers produces positive conservation outcomes.
Bioblitzes are growing in popularity. As of October 2017, the citizen science platform iNaturalist (https://www.inaturalist.org) listed over 1000 bioblitz projects involving at least 5 participants and 25 observations, and institutions and organizations from around the world have developed guidance for bioblitz organizers (e.g., Censky 2001; Hepburn et al. 2015) . Although the raw observation data collected may be available through platforms such as iNaturalist or the Global Biodiversity Information Facility (https://www.gbif.org), the summaries, results, and key findings from bioblitzes that have potential conservation relevance are rarely published in the peer-reviewed literature (Laforest et al. 2013) and are therefore less likely to be widely available. A May 2017 literature search in ISI Web of Science showed that out of over 65 million records, only 22 contained the search term bioblitz or bio-blitz. The oldest was published in 2003. A similar search in Google Scholar returned about 1230 results, only a few of which were for peer-reviewed journal articles. One notable publication is a side-byside field trial demonstrating that for some commonly detected taxonomic groups (salamanders, reptiles, and small mammals), results of a short-duration bioblitz were comparable to longer-duration, traditional survey methods (Foster et al. 2013) . This study suggests a bioblitz may be a cost-effective way to rapidly generate conservationrelevant data, at least for larger, more easily surveyed organisms.
Museums, aquariums, zoos, botanic gardens, institutions of higher learning, and federal agencies contribute directly to conservation education and conservation science (Miller et al. 2004) and are increasingly the hosts and organizers of bioblitzes. For this reason, staff members of these institutions have become more familiar with bioblitz events over time. As these events become increasingly common, it becomes easier to adapt the bioblitz concept to meet the needs and interests of conservation practitioners such as land managers while involving institutional partners in endeavors that contribute to their missions.
Adapting BioBlitzes to Meet Conservation Needs
As representatives of institutional and nongovernmental entities involved in various aspects of conservation research and implementation, we have begun to work in partnership to adapt bioblitzes to better meet the needs of conservation. The most fundamental modification involves the primary purpose of these events. Bioblitzes are often conducted by entities with education as part of their mission and are explicitly used as an educational and public engagement tool, often to a broad public audience (Lundmark 2003) . By primarily or exclusively involving participants who are collaborative, field-ready scientists, the focus of an event can shift from education and outreach, or a mix of education and research goals, to one primarily focused on filling information gaps to better
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The first objective of an expert bioblitz is to generate survey data that can be used by conservation practitioners. Data are used to make management decisions and can generate conservation interest when they reveal the presence of phylogenetically significant, globally rare, or otherwise unique taxa that may serve as flagship species for conservation (Walpole & Leader-Williams 2002) . Although almost any data collected by field scientists could eventually be conservation relevant, most land management decisions are based on experience and guesswork rather than evidence Sutherland et al. 2004) , suggesting that field-collected data are not typically used to guide conservation or to improve land management decisions. By involving both research scientists and conservation practitioners, an expert bioblitz can help bridge the conservation research-implementation gap (Knight et al. 2008 ) by steering researchers toward collection of data that are more useable by practitioners.
The second objective of an expert bioblitz is to enhance research capacity in locations or on topics that are understudied and where there are gaps in information that hinder evidence-based decision making for conservation and natural resource management. When organizing an expert bioblitz, conservation practitioners who represent land trusts or other land-owning conservation organizations can provide access to privately owned lands, some of which may otherwise be difficult to access or may never have been surveyed before (Hilty & Merenlender 2003) . This can help collection managers and curators address geographic and taxonomic gaps within their own collections (Ponder et al. 2001 ) and can even result in the discovery of taxa that are new to science (Ridling et al. 2014) or to the region being surveyed (Graeter et al. 2015) .
The third objective of an expert bioblitz is to build working partnerships focused on conservation concerns. Bioblitz organizers can initiate productive working relationships among agency staff, other land managers, taxonomic experts, and other researchers. These relationships can be crucial to expanding the geographic scope of field surveys and securing required collections permissions for experts who otherwise lack connections to staff within federal, state, local, and nongovernmental land management entities. Similarly, participating researchers can meet specialists from other institutions, resulting in new collaborations and new or improved working relationships as part of a cross-disciplinary project. Herpetologists, botanists, and entomologists do not often perform surveys together, but participation in an expert bioblitz can create opportunities for cross-disciplinary synergy and exchange of information that may inform conservation and participant research.
For researchers from collections-based museums and herbaria, there are several reciprocal benefits to participating in an expert bioblitz. Because these institutions are storehouses of biogeographical information (Nielsen & West 1994) , they already support and conduct research that guides conservation decision making. Curatorial and research staff at these institutions may be deeply committed to seeing their work applied in a conservation context (Kress et al. 2001 ) and may already conduct short collecting trips for their own scientific needs, but they may not know what information is needed, when it is needed, or who needs it to maximize conservation impact. Through an expert bioblitz, researchers can provide immediate conservation-relevant outcomes from short collecting trips. Specimens collected during an expert bioblitz may also be added to museum and herbarium collections. Many institutions regard adding to their collections part of their core missions but have experienced noteworthy declines in their ability to do so in recent years (Prather et al. 2004; Spear et al. 2017) . In turn, new techniques allow analyses of specimens that may yield information on genetic relationships, diet, change over time, and a suite of other factors that may be of great value to conservation practitioners (Suarez & Tsutsui 2004; Lavoie 2013) . Thus, facilitating specimen collections during expert bioblitzes is of mutual benefit to participants and organizers.
Expert BioBlitz Best Practices
Organizers must deliberately plan an expert bioblitz to address the objectives of generating usable data, enhancing capacity, and building partnerships. Based on our experience conducting several of these events in recent years, we developed a set of best practices to guide planning and execution. This includes guidance related to participant selection, strategic planning, event logistics, and data reporting. Special attention must be paid to understanding the motivation for participation by volunteer experts because event hosts may not have funding to reimburse experts for their time. Silvertown et al. (2013) describe best practices for motivating, recruiting, and retaining volunteers. We describe some of the other considerations for leading a successful expert bioblitz.
Organizers of an expert bioblitz must clearly articulate their goals to volunteers participating in the event. Although use of the term bioblitz typically suggests participants should record as many taxa as possible, data needs for conservation vary. Instead of broad taxonomic coverage, organizers may want participants to target specific taxa or generate spatial assessments of species or
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Volume 32, No. 5, 2018 communities. Bioblitzes have largely embraced a broad view of biodiversity (Baker et al. 2014 ), but taxonomic bias permeates all aspects of conservation, from research and planning to implementation (Clark & May 2002; Darwall et al. 2011) . Given the realities of conservation practice, practical application of bioblitz-collected data may vary by taxonomic group or site, and it is important for participants to understand what results are most usable by conservation practitioners. These expectations are best communicated to potential participants well in advance of the event.
Organizers may place participants into groups based on taxonomic specialty and assign leaders to organize a group's activities. This prevents duplication of field effort, allows for better planning and spatial coverage of the geographic area of interest, and aids in acquiring any necessary permits. Teams may be active in different areas at different times of day (e.g. herpetologists are more likely to survey at night, whereas ornithologists may be most active in the early morning). Therefore, cross-disciplinary collaboration between experts can be promoted through informal social time (e.g. over meals).
Organizers should anticipate and plan interventions to prevent conflicts that may arise between exploration and resource preservation in areas with easily disturbed features such as archaeological sites, soil biological crusts, or sensitive plant communities. Coordination among experts using disparate collection methods and managers responsible for protecting these features is key to preventing and minimizing conflicts. With a smaller group of field-savvy scientists, an expert bioblitz may have the advantage of generating less disturbance than a typical bioblitz event involving a greater number of nonexperts.
Methods of data collection during the event can involve a combination of traditional and recently developed techniques. Some experts will conduct taxon-focused surveys and keep lists with and without voucher specimens. Newer techniques may include the use of datasharing platforms, such as eBird and iNaturalist, or other detection methods, such as acoustic bat detection, camera trapping, DNA barcoding, or environmental DNA (eDNA) sampling. Although iNaturalist, eBird, and other open-access sites are useful for sharing data and provide a record that is readily available to a broad audience for inclusion in future analyses and conservation decision making (Spear et al. 2017) , these platforms are not optimized for the collection of all types of data. If the event includes collection of data that are nonbiological, such as information about archaeological sites, ecosystem processes, or geophysical features, organizers and participants must decide how best to integrate data collection and reporting across disciplines, perhaps through discussions among participants prior to the event.
Field Tests and Outcomes of the Expert BioBlitz
Rapid, field-based assessments focused on influencing specific conservation actions are beginning to occur around the world. In November 2013, 21 researchers representing 11 organizations conducted week-long surveys to document terrestrial biodiversity of lands adjacent to the coral reefs of Cabo Pulmo in Mexico (Vanderplank et al. 2014) . Likewise, for a week in April 2017, 25 scientists from four countries conducted surveys to document the aquatic and terrestrial biodiversity of the Vjosa River valley of Albania (Graf et al. 2017 ). Both efforts resulted in conservation actions; the Cabo Pulmo work led to a decision by the nation's authority on environment and natural resources to reject development plans for a large resort, and the Vjosa River event led to the initiation of a campaign to stop the development of a dam and hydropower plant.
Since 2015, several conservation-applicable, rapid field survey events have taken place on lands of conservation concern in Southern California. Some of these events have been specifically billed as expert bioblitzes, whereas others have been termed "rare plant treasure hunts" (Jensen & Sims 2015) . In all cases, these events were deliberately planned, executed, and documented to demonstrate the benefits of collaboration between government agencies, nonprofit organizations, botanic gardens, museums, and universities. Participants at each event were limited to an invited, targeted group of expert researchers and highly experienced citizen scientists (typically veterans of other expert bioblitzes and survey events), including individuals representing entities beyond the organizing parties. The results were directly applied to on-theground conservation and conservation decision making (Table 2) . Participating researchers gained access to lands that were typically off limits, thereby increasing research capacity and benefitting museum and herbaria collections. Discoveries of new archaeological sites and newly documented populations, species, and habitat associations for plants and animals spurred follow-up studies. Four of these Southern California events successfully generated conservation-relevant data, augmented research capacity, and built conservation partnerships.
Tehachapi Mountains Expert BioBlitz
The Tehachapi Region is geologically diverse, topographically complex, and relatively unfragmented by human infrastructure. The region is a hotspot of evolutionary divergence and is home to narrowly endemic plants, invertebrates, and amphibians. Although much of the region is under private ownership, recent conservation investments have expanded access to lands and provided an opportunity to hold an expert bioblitz to increase knowledge of biological resources. This event (May 2015) was a
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Volume 32, No. 5, 2018 collaborative effort initiated by Tejon Ranch Conservancy and involved lands owned or managed by The Nature Conservancy (TNC), Audubon Kern River Preserve, multiple private landowners, and the Southern Sierra Research Station. The goals of this expert bioblitz were to catalog as many plants, birds, mammals, amphibians, reptiles, insects, spiders, and lichens as possible in 24 hours to inform regional conservation work; to demonstrate collaboration among the various conservation entities in the region; and to build additional support for research and conservation in the region by engaging new individuals and entities from the nearby Los Angeles and Bakersfield areas.
Sixty-five volunteer experts participated. The event strengthened relationships between participants and highlighted the importance of the region to scientists and institutions previously unfamiliar with its rich biological resources (Table 2) . Land managers and conservation practitioners in the region can apply the knowledge gained from this event to refine management actions and conservation priorities. Participants made new natural history discoveries and collected specimens from undersampled regions, providing evidence of enhanced research capacity (Table 2 ). The event also reinforced the relationship between the organizations working in the region and among institutions with complementary missions, specifically the Natural History Museum of Los Angeles County (NHMLA) and Rancho Santa Ana Botanic Garden (RSABG).
Chicago Valley Bio-Archaeo-Blitz
Chicago Valley is a relatively undisturbed valley in California, near the center of the Mojave Desert Ecoregion, and just a few kilometers from the border with Nevada. It overlies an ancient, deep groundwater flow path that feeds the Amargosa River from the east.
High groundwater levels in the valley support a robust mesquite bosque and a desert spring. Although most of Chicago Valley is Bureau of Land Management (BLM) wilderness, over 400 ha remain in private ownership and have yet to be adequately protected. The Amargosa Conservancy and TNC organized a 24-hour expert bioblitz in April 2016 to explore privately owned lands in Chicago Valley that were available for purchase. A broad suite of volunteers skilled in the identification of plants, animals, natural communities, and archaeological resources were invited to participate.
The goals for this event were to bring experts to an understudied area to collect information to build the case for conservation land acquisition; to further test bioblitzing with scientists as a rapid-response, high-return-oninvestment method for the collection of high-quality survey data; to build a collegial community of desertinterested scientists that could be called on to bring their taxonomic expertise to serve conservation practitioner's needs for gathering reliable field-based information; and to bring attention to and increase the constituency for an understudied Mojave Desert region.
Twenty-one volunteer experts participated in the event, and 194 taxa were recorded (Table 3 and Fig. 1 ). Discoveries of new populations and ecological interactions provided conservation-relevant information and evidence of expanded research capacity. Twelve new archaeological sites were recorded (Table 2) . To our knowledge, the Chicago Valley event represents the first example of the inclusion of environmental archaeology in a bioblitz. One month later, NPS held an archaeologically focused archaeoblitz for middle school children at the Knife River Indian Villages in North Dakota (NPS 2017) . The identification and assessment of archaeological sites during an expert bioblitz can inform managers and conservation practitioners of past human presence and activities at the site and may enhance overall conservation potential. Plant and animal remains recorded at archaeological sites can provide critical information concerning the past presence of extirpated or protected species and changing species compositions through time (Lyman & Cannon 2004; Lyman 2006; Wolverton & Lyman 2012) . Organizers should be aware that archaeological site locations constitute sensitive information, so best practices (King 1978) should be applied in data collection and reporting. Ultimately, information gathered in this event rekindled an interest in protecting, through fee acquisition, the privately owned lands in Chicago Valley. The conservation values of the property are now well understood and can easily be used to justify purchase for conservation if the land-owner again offers it for sale at fair market value.
Amargosa River Expert BioBlitz
The Amargosa River and associated wetlands contain one of the most impressive suites of endemic, isolated, and imperiled species in North America (Knight & Clemmer 1987) . Since the early 1970s, TNC, BLM, and the Amargosa Conservancy have partnered to protect the biodiversity in the watershed through a combination of land acquisition, restoration, scientific study, and conservation-focused land management. In 2009, the U.S. Congress designated the California portion of the river that flows above ground year-round as wild and scenic. The BLM and TNC co-organized a 48-hour expert bioblitz (April 2017) timed to occur 45 years after multitaxa surveys conducted in 1972. The goals for this event were similar to those for the Chicago Valley Bio-Archaeo-Blitz.
Thirty-six volunteer experts participated in the event, and 378 taxa were recorded (Table 3 and Fig. 1 ). Travel costs incurred by participants were reimbursed by TNC at a cost of <$10,000; a similar effort by contracted surveyors would have greatly exceeded this amount (Table 4) . Compared with the 1972 surveys, botanists documented 74 additional plant taxa in 2017. This may be because the expert bioblitz was conducted at the peak season for annuals in the relatively wet spring of 2017, whereas surveys in 1972 were conducted in a dry year and few annuals were observed.
Ultimately, this event catalyzed conservation by reinvigorating the relationship between TNC and the BLM, a partnership that has been a key to conservation success in this landscape over the past 40 years. As the BLM moves forward with management of the wild and scenic Amargosa River, they do so with the knowledge gained from this expert bioblitz event and with the interest and engagement of several researchers who have participated in both the Chicago Valley and Amargosa Expert BioBlitzes. Discoveries made during this event, including fly species new to science and new ecological interactions, helped inform and catalyze additional focused studies, including a more detailed survey of Amargosa River springsnails by BLM and partners ( Table 2 ). The event also strengthened relationships between RSABG, NHMLA, and TNC.
Santa Cruz Island Rare Plant Treasure Hunt
Santa Cruz Island is nearly 250 km 2 and has 2 parallel mountain ranges reaching over 825 m. Twenty-four percent of the island is managed by NPS; the other 76% is owned and managed by TNC as a preserve. The island is home to eight endemic plant taxa (Junak et al. 1995) and nine federally endangered or threatened plants. After nearly 170 years of habitat degradation and 40 years of active management, the island was finally free of
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In 2015, TNC began hosting annual rare plant treasure hunts to find new populations of listed plant taxa and rediscover taxa presumed to be extirpated or extinct. Approximately 10 volunteers with taxa-specific experience were invited to conduct targeted surveys once a month from February to June over 3 days. Treasure hunts resulted in surveys conducted 12 times faster and at half the cost of contract labor for the same work.
To date, 15 new occurrences of 2 federally threatened plant species, 2 new species for the island, and dozens of occurrences of many other rare plants have been documented. Surveys that did not yield localities of target species are also important because they inform land managers of the timing of emergence in the case of annual plants known to occur in the area or highlight what has been lost. These efforts also resulted in development of a database of data on rare plants, including data from treasure hunts on other islands. Through these treasure hunts, a greater understanding of endemic taxa throughout their range was gained, prioritization of taxa that need conservation was improved, and recovered taxa were identified that could be proposed for down-or delisting under state and federal endangered species laws.
Conclusion
We developed a basic framework for adapting the bioblitz model to meet the needs of conservation. Our expert bioblitzes and other field surveys involving expert volunteer researchers have generated conservation-relevant data, augmented research capacity, and built conservation partnerships. As research and conservation funding becomes increasingly limited, the interest generated in key natural resources among research institutions and individuals is vital to conservation. Fortunately, expert bioblitzes attract informed researchers dedicated to contributing to the conservation of species and communities.
